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5. Time-frequency analysis and stationarity

The LIGO-Virgo data exhibit two main types of non-stationary behavior. The first is
slow and continuous adiabatic drifts in the power spectrum occurring over minutes or
hours, and the second is short-duration noise transients, which we refer to as glitches,
that are typically localized in time and frequency. Additional non-stationarity has been
observed in the vicinity of spectral lines, such as those due to electromagnetic couplings
to the 50/60 Hz AC power supply. The adiabatic drifts in the power spectrum can be
defined in terms of locally stationary processes [64, 65]. A locally stationary process
has a covariance function which is the product of a covariance function for a stationary
process and a time-variable function.

The stationarity of the data is evaluated as part of candidate event validation [3,45].
Here we describe some simplified non-stationarity tests that can be applied to the
data. Non-stationarity can in principle be identified by looking for correlations in the
Fourier amplitudes, but it is easier to identify and classify non-stationary behavior
using time-frequency methods. The simplest approach is to divide the data into small
chunks of time centered on time ti, and compute a smoothed estimate for the power
spectrum for each chunk Sn(f, ti). Figure 6 shows Bayesian power spectral density
estimates [61] computed using 8-second stretches of data from the LIGO-Hanford
instrument that are spaced at 64-second intervals. The instrument noise level was
highly variable during this time period, showing large changes in the power spectral
density in the band between 32 Hz and 256 Hz (note that this particular period of
time for this example was chosen due to observed large variations in the detector’s
sensitivity).
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Figure 6. Power spectral density (solid lines) with 90% credible intervals (shaded
bands) for the LIGO-Hanford detector computed using 8-second stretches of data
spaced by 64-second intervals starting at GPS time 1165067724. During this time
period there was significant broad-band non-stationarity between 32 and 256 Hz.

Wavelets provide a more flexible analysis framework than short-time Fourier
transforms. Continuous wavelet transforms are commonly used in LIGO-Virgo data
studies to produce spectrograms that provide a visual indication of non-stationary


